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B. B. Cterannos, I. 3. HopmaH. NMpobnemsbl passmutnsa cynepkoMnboTEPHON oTpacnu B Poccuun: B3rnsag
Nonb3oBaTeNns BbICOKONPOM3BOAUTESNbHbLIX cucteM // [porpaMMHbIE CUCTEMBI: TEOPUSA U MPUSNOXKEHUST: 3NTEKTPOH.
Hayu4H. XypH. 2014. T. 5, Ne 1(19), c. 111-152. URL.: http://psta.psiras.ru/read/psta2014_1_111-152.pdf



... W NapanmnersibHbie arroputmbl AnA nepBonpmHUMNNHbLIX pacyeToB

VOLUME 68, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1992

Ab Initio Theory of the Si(111)-(7 x7) Surface Reconstruction: A Challenge for
Massively Parallel Computation

Karl D. Brommer, ("’ M. Needels,® B. E. Larson, and J. D. Joannopoulos ‘"’ Th|nk|ng
M Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 q
D AT&T Bell Laboratories, 600 Mountain Avenue, Murray Hill, New Jersey 07974 MaCh Ines
®)Thinking Machines, Cambridge, Massachusetts 02139 C M _2

(Received 8 November 1991)

An ab initio investigation of the Si(111)-(7x7) surface reconstruction is undertaken using the state of
the art in massively parallel computation. Calculations of the total energy of an ~700 effective-atom
supercell are performed to determine (1) the fully relaxed atomic geometry, (2) the scanning tunneling
microscope images as a function of bias voltage, and (3) the energy difference between the (7x7) and
the (2x1) reconstructions. The (7x7) reconstruction is found to be energetically favorable to the
(2x1) surface by 60 meV per (1x 1) unit cell.

PACS numbers: 73.20.—r, 68.35.Bs, 68.35.Md

VOLUME 68, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1992

Ab Initio Total-Energy Calculations for Extremely Large Systems: Application to the
Takayanagi Reconstruction of Si(111)

I. Stich, M. C. Payne, R. D. King-Smith, and J-S. Lin
Cavendish Laboratory (TCM), University of Cambridge, Madingley Road, Cambridge CB3 OHE, United Kingdom

L. J. Clarke

Edinburgh Parallel Computer Centre, University of Edinburgh, Mayfield Road, Edinburgh EH9 3JZ, United Kingdom
(Received 8 November 1991)

We have implemented a set of total-energy pseudopotential codes on a parallel computer which allows

Melko calculations to be performed for systems containing many hundreds of atoms in the unit cell. Using

. these codes we have calculated the total energies and structures of the 3x 3, 5x5, and 7x7 Takayanagi

CompUtlng reconstructions of the (111) surface of silicon. We find that the 7x7 structure minimizes the surface en-

Surface ergy and observe structural trends across the series which can be correlated with the degree of charge
transfer between the dangling bonds on the adatoms and rest atoms.

PACS numbers: 68.35.—p, 31.20.—d, 71.45.Nt
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Norman, G., Saitov, |., Stegailov, V., & Zhilyaev, P. (2015). Ab initio calculation of shocked xenon
reflectivity. Physical Review E, 91(2), 023105.
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[Henenune npoektoB INCITE 2014 r. no Tematukam
Innovative and Novel Computational Impact on Theory and Experiment
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BblaeneHHoe Ha Kaxayto TeMaTtuky
BbIYMCINIUTENBHOE BPEMSI B MUITITMOHAX
MpOLIECCOPO-4acoB

[ 3. Hopman, H. [1.Opexos, B. B. lNucapes, . C. CMupHOB 1 Ap. «3a4eM N Kakne CynepKkoMmnboTepbl
9K3adpnorcHOro Kracca Hy>XHbl B eCTECTBEHHbIX HayKax», [1porpaMMHble CUCTeMbIl: Teopus 1 npunoxenusa, 2015,
6:4(27), c. 243-311. URL.: http://psta.psiras.ru/read/psta2015_4 243-311.pdf



Computational fluid dynamics
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Estimates from the ISC-2015 Conference

Rough estimate of DNS flow over an aircraft
An airbus 310 cruising at 250 m/s at 10000 m
For 1 second of simulated flight:

1 teraflops machine — 8*10° years
50 exaflops machine — 1 weak

(based on John Kim, TSFP-9, 2015)



EU PRACE initiative

Home page Contact Site Map Web sites

PARTNERSHIP FOR

ADVANCED COMPUTING
IN EUROPE -

About PRACE RI

- PRACE RESEARCH INFRASTRUCTURE Register Now
PRACE in a few words

o - THE TOP LEVEL OF THE EUROPEAN HPC ECOSYSTEM - June 17, 2012
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US DOE INCITE initiative

Innovative & Novel Computational Impact on Theory and Experiment

U.S DEPARTMENT OF ENEROY
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INCITE supports computationally intensive, large-scale research

projects with large amounts of dedicated time on supercomputers at
DOE's Leadership Computing Facilities.
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US DOE INCITE initiative

Bcero npoektoB lNMpoeKTbl N0 MONeKyNnApHOMY U % ot obLwero
aTOMVICTVI‘-IGCKOMy MoAeriMupoBaHUIO yucna

2006 40%
2007 45 11 24%
2008 58 16 28%
2009 66 20 30%
2010 70 23 33%
2011 57 18 32%
2012 60 23 38%
2013 61 24 39%
2012 roAa:

60 npoekToB = 1672 munnuoHa npoueccop-4yacos Ha IBM BlueGene/P n Cray XT5
23 npoekTa rno MOoSiekynapHoOMy 1 aTOMUCTUYECKOMY MoaenupoBaHunto = 518 MIH. vac.
31 % obuiero BpemeHu



US DOE INCITE initiative

[Mpumep pe3ynsraToB KOMOMHUPOBAHHOIO pacyeTa KpoBOTOKa C adhdeKTaMm OTNIOXKEHUS
XONnecTepUHOBLIX BrisilLeK B paMKax MHoromaclutabHon Mogenu, codeTaroLen
aTOMUCTUYECKOE MOodeNnMpoBaHne ¢ MoAeNbIo Xunakoctn Hasbe-CTokca

‘ L)

Nektar-3D to Nektar-3

L

Nektar-3D to DPEELAMMPS

Grinberg L., et al. A new computational paradigm in multiscale simulations:
Application to brain blood flow // Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis (SC), 2011.



US DOE INCITE initiative

[leMOHCTpauns coxpaHeHnst apdPEKTUBHOCTU pacnapannennBaHnus peLleHus
ogHon 3agadmn Ha cuctemax BlueGene/P n Cray XT5

Yucsio aaep Bpewms 3arpysku LIIY, ¢ JPPeKTUBHOCTD
BlueGene/P (4 sapa Ha y3en)
28 672 3205.58
61 440 1399.12 1.07
126 976 665.79 1.02
Cray XT5 (12 sagep Ha y3ea)
17 280 (Kraken) 2194
25920 (Kraken) 1177 1.24
34 560 (Jaguar) 806 1.10
93 312 (Jaguar) 280 1.07
186 624 (Jaguar) 206 0.68

Grinberg L., et al. A new computational paradigm in multiscale simulations:
Application to brain blood flow // Proceedings of the International Conference for High
Performance Computing, Networking, Storage and Analysis (SC), 2011.



NMpumep u3 INCITE 2014

Type: New

Title: “Computational Actinide Chemistry: Reliable Predictions and New Concepts”

Principal Investigator:

Co-Investigators:

Scientific Discipline:

INCITE Allocation:
Site:

Machine (Allocation):

Site:

Machine (Allocation):

David Dixon, The University of Alabama & Argonne
National Laboratory

Jochen Autschbach, University at Buffalo, State
University of New York

Enrique Batista, Los Alamos National Laboratory
Aurora Clark, Washington State University

Wibe de Jong, Lawrence Berkeley National Laboratory
Laura Gagliardi, The University of Minnesota

Jeff Hammond, Argonne National Laboratory
Richard Martin, Los Alamos National Laboratory
Kirk Peterson, Washington State University
Gustavo Scusenia, Rice University

Chemistry: Physical

250,000,000 processor hours

0Ozak Ridge National Laboratory

Cray XK7 (150,000,000 processor hours)
Argonne National Laboratory

IBM Blue Gene/Q (100,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New

Title: “"Cosmological Simulations for Large-Scale Sky Surveys”

Principal Investigator:
Scientific Discipline:

INCITE Allocation:
Site:

Machine (Allocation):

Site:

Machine (Allocation):

Salman Habib, Argonne National Laboratory
Physics: High Energy Physics

200,000,000 processor hours

Argonne National Laboratory

IBM Blue Gene/Q (100,000,000 processor hours)
0Oak Ridge National Laboratory

Cray XT (100,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: Renewal

Title: “High-fidelity Simulation of Tokamak Edge Plasma Transport”

Principal Investigator:
Co-Investigators:

Scientific Discipline:

INCITE Allocation:
Site:

Machine (Allocation):

Site:

Machine (Allocation):

Choong-Seock Chang, Princeton Plasma Physics Laboratory
Stephane Ethier, Princeton Plasma Physics Laboratory
Scott Klasky, Oak Ridge National Laboratory

Robert Moser, The University of Texas at Austin

Scott Parker, University of Colorado

Mark Shephard, Rensselaer-Polytechnic Institute

Pat Worley, Oak Ridge National Laboratory

Physics: Plasma Physics

229,000,000 processor hours

Oak Ridge National Laboratory

Cray XK7 (129,000,000 processor hours)
Argonne National Laboratory

IBM Blue Gene/Q (100,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New
Title: “Lattice QCD”

Principal Investigator:
Co-Investigators:

Scientific Discipline:

INCITE Allocation:
Site:

Machine (Allocation):

Site:

Machine (Allocation):

Paul Mackenzie, Fermi National Accelerator Laboratory
Richard Brower, Boston University

Norman Christ, Columbia University

Frithjof Karsch, Brookhaven National Laboratory
Julius Kuti, University of California, San Diego

John Negele, Massachusetts Institute of Technology
David Richards, Jefferson National Laboratory

Martin Savage, University of Washington

Robert Sugar, University of California, Santa Barbara

Physics: Particle Physics

340,000,000 processor hours

Argonne National Laboratory

IBM Blue Gene/Q (240,000,000 processor hours)
Oak Ridge National Laboratory

Cray XT (100,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New

Title: "Nuclear Structure and Nuclear Reactions”

Principal Investigator:
Co-Investigators:

Scientific Discipline:

INCITE Allocation:
Site:
(Allocation):
Site:

Machine (Allocation):

James Vary, Iowa State University

Joseph Carlson, Los Alamos National Laboratory

Gaute Hagen, Oak Ridge National Laboratory

Pieter Maris, Iowa State University

Hai Ah Nam, Oak Ridge National Laboratory

Petr Navratil, TRIUMF

Witold Nazarewicz, University of Tennessee-Knoxville
Steven Pieper, Argonne National Laboratory

Nicolas Schunck, Lawrence Livermore National Laboratory

Physics: Nuclear Physics

204,000,000 processor hours

0Oak Ridge National Laboratory Machine

Cray XK7 (104,000,000 processor hours)
Argonne National Laboratory

IBM Blue Gene/Q (100,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New
Title: "Petascale Simulations of Self-Healing Nanomaterials”
Principal Investigator: Rajiv Kalia, University of Southern California
Co-Investigator: Aiichiro Nakano, University of Southermn California
Scientific Discipline: Materials Science: Condensed Matter and Materials
INCITE Allocation: 200,000,000 processor hours

Site: Argonne National Laboratory

Machine (Allocation): 1BM Blue Gene/Q (200,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New

Title: "QMC Simulations Database for Predictive Modeling and Theory”

Principal Investigator:
Co-Investigators:

Scientific Discipline:

INCITE Allocation:
Site:
(Allocation):
Site:

Machine (Allocation):

Jeongnim Kim, Oak Ridge National Laboratory

David Ceperley, University of Illinois at Urbana-Champaign
Jeffrey Greeley, Purdue University

Burkhard Militzer, University of California, Berkeley

Miguel Morales, Lawrence Livermore National Laboratory
Luke Shulenburger, Sandia National Laboratories

Materials Science: Condensed Matter and Materials

200,000,000 processor hours

Oak Ridge National Laboratory Machine

Cray XK7 (100,000,000 processor hours)
Argonne National Laboratory

IBM Blue Gene/Q (100,000,000 processor hours)



NMpumep n3 INCITE 2014

Type: Renewal
Title: “Simulation of Laser-Plasma Interaction in National Ignition Facility Experiments”

Principal Investigator: Steven Langer, Lawrence Livermore National Laboratory
Co-Investigators: Denise Hinkel, Lawrence Livermore National Laboratory
Scientific Discipline: Physics: Plasma Physics
INCITE Allocation: 200,000,000 processor hours

Site: Argonne National Laboratory

Machine (Allocation): 1BM Blue Gene/Q (200,000,000 processor hours)



NMpumep u3 INCITE 2014

Type: New

Title: “Solving Petascale Public Health and Safety Problems Using Uintah”

Principal Investigator:
Co-Investigator:

Scientific Discipline:

INCITE Allocation:
Site:

Machine (Allocation):

Martin Berzins, University of Utah
Todd Harman, University of Utah
John Schmidt, University of Utah
Jennifer Spinti, University of Utah
Jeremy Thornock, University of Utah
Charles Wight, Weber State University

Chemistry: Combustion

200,000,000 processor hours
Argonne National Laboratory
IBM Blue Gene/Q (200,000,000 processor hours)



[lnaBneHne rpapuTa

Orekhov N.D., Stegailov V.V. Graphite melting: Atomistic kinetics bridges theory and experiment // Carbon.
2015. V. 87. P. 358-364.



KpuBas nnaBneHus rpacduta: akcnepMMmeHTanbHble pe3ynbTaThl
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Melting front propagation in two-phase model




dukcnpyemasn B aKcnepumeHTe “tremnepartypa nnasneHma”
rpaduTa B 3aBUCUMOCTMN OT CKOPOCTM HarpeBsa
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Melting of a single graphene plane

. Cluster of Stone—\Wales defects
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[1] L Ghiringhelli, J Los, E Meijer, A Fasolino, D Frenkel // PRL 94 (2005) 145701
[2] KV Zakharchenko, A Fasolino, J H Los and M | Katsnelson // J. Phys.: Condens. Matter 23 (2011) 202202



Experimentally detected “melting temperature” of graphite
as a function of heating rate
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These results suggest that at the heating rates higher that ~10° K/s graphite specimens
in most cases become superheated, the solid-liquid transition temperature becomes
higher than the equilibrium melting temperature and is influenced mainly by the
specimen microstructure and the energy deposition process.



Pressure dependence of the melting temperature
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. Experimental data for T _(P) were obtained for porous samples (1.6 g/cc)

. Porous samples under pressure — W, ~ 3

— change in the average interplanar distance —
— change in W; —
— change in the “experimentally observed” temperature of melting

. Thus melting curve maximum can be explained as a kinetic and structural effect



CBOMCTBA MATEPUANOB
A0EepPHON DHepreTUuku
(sapepHble TONAMBA)



HakonneHue nosperkgeHue B TONNBAX:
obpasoBaHue nysbipen

Toukn — akcnepumeHT ans UO, JINHUM — KNHeTH4Yeckasa Mmoaenb
%il =G - kiD,‘Ci - k,-szC,, -— kiD,‘C,’,

[1noTHOCTbL
ny3bipen,
1023 m-3

RN TR RN

OnameTtp
ny3blpen,
HM

2

T 1 1 1 1 1

0 20 40 60 80 100 120

BoiropaHne, M*Bt*a/kr
Okcua. Tonamso: J. Nucl. Mat. 277, 231 (2000) & Metanauny. Tonamso: J. Nucl. Mat. 425, 41 (2012)



MHoOroyacTM4yHbIN MeXXaTOMHbIW NOTEeHLUMan
norpy*eHHoro atoma gna cuctemol U-Mo-Xe
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OpraHnyeckmne XnaKoCTu
(TpaHcpopmaTOpHblE MACna)

H. [l. Kongpatiok, B. B. Cterannos, . 3. HopmaH. Mukpockonuyeckne mexaHnambl A dysnm BbiCLLMX
ankaHoB // BeicokomonekynsipHble coeanHeHna. Cepus A. 2016. T. 58, Ne 5, c. 519-531.



MeXXaToOMHble U MeXMOJIeKYNAPHble B3aUMOAENCTBUA

E=E +F +FE +E  +E

bond angle dehedral Coul
o) 6,6
Epona = K, (rl/ 1y ) Eangle ( ik ik )
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00@0




Pa3nnyHble NnpmbAnKEHUA

KOJTINY4ECTBO MOJIEKYII

ogenb o6beguHEHHOTO MonHoaToOMHOe
aToma paccMoTpeHune

AL A\ IE!) ()
Andre Dreiding d Potential for Liquid
Simulations
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BblHYUCITNTESIbHbIE 3aTpPaThbl



Cuctema

125-8000 monekyn — TraPPE-UA (240000 aTtomoB)

125-3375 monekyn — DREIDING, OPLS (330000 atomoB)

® A
® cH,
® cwm

[f %7 St et i 8
<Ar2> (v(0)v(1)) .

T=353K P~1atm
L= 4.8+19.2nm




AHomanbHaa anddy3ua

TraPPE-UA DREIDING OPLS

Atombl H X 4 v

E, i ZK"U —cos(i-¢)] K[l + cos(ng — d)] ZKi[l —cos(i- Q)]
ECoul |

D
105 owzjc 540 +0.38 0.58 +0.04 1.90 +0.13

Deyo= 2.8 +0.14°

*Vardag, T., Karger, N., Liidemann, H.D. Temperature and Pressure Dependence of Self Diffusion in Long
Liquid n-Alkanes. // Berichte Der Bunsengesellschaft Flir Physikalische Chemie. 1991. V. 95. N. 8. P. 859.



CooTHouweHune Ctokca-OMHLUTEeNHa

Dn 1
k,T  67r

[na nonmmepos’:

—2
Dn  p|h
4

[(C-C)~15A
M =422.8 g/mole

OPLS Exp. 3

- 467 487" p =0.775 g/cm
N, MmreEa"s ) ] T =353 K
h=25A

*Beuche F. Viscosity, Self-Diffusion, and Allied Effects in Solid Polymers // J. Chem. Phys.
1952.V. 20. N. 12. P. 1959

**Wohlfarth C. and Wohlfahrt B. 2002 Pure Organic Liquids vol 18B



[lonnmMepHble KOMMO3UTDI

H. 4. Opexos, B. B. Ctrerannos. MoaennpoBaHue agre3anoHHbIX CBOUCTB MHTepdenca NoanITUAEH - yriepoaHasn
HaHOTPY6Ka // BbicokomonekynspHble coeanHeHuns. Cepus A. 2016. T. 58, Ne 3, c. 476—486.



Coarse-grained Molecular Dynamics

finite element
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Nanocomposite deformation




Nanocomposite deformation

Box size: 200x25x15 nm Box size: 25x25x25 nm
CNT size: 175x2.5 nm CNT size: 20x2.5 nm
Aspect ratio: 70 Aspect ratio: 8
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Norman, Genri E., Vasily V. Pisarev, Grigory S. Smirnov, and Vladimir V. Stegailov. "Atomistic Modeling and
Simulation for Solving Gas Extraction Problems." In Foundations of Molecular Modeling and Simulation, pp.
137-151. Springer Singapore, 2016.
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CBepxKputnyeckan ¢asoBasa AMarpamma
(meTan+6yTaH, 330 K, TraPPE-UA)
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CBepxKputnyeckan ¢asoBasa AMarpamma
(meTan+6yTaH, 330 K, TraPPE-UA)
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CBepxKputnyeckan ¢asoBasa AMarpamma
(meTan+6yTaH, 330 K, TraPPE-UA)
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Smirnov G.S., Stegailov V.V. Melting and superheating of sl methane hydrate: Molecular dynamics study // Journal
of Chemical Physics. 2012. V. 136. N. 4. P. 044523.

Smirnov G.S., Stegailov V.V. Toward Determination of the New Hydrogen Hydrate Clathrate Structures // Journal of
Physical Chemistry Letters. 2013. V. 4. P. 3560-3564.



Methane Hydrates - Energy Source of
the Future?

Estimated resource 1-5 million cubic kilometers of
gas (500-2500 gigatones of carbon)



Lattice parameters of structure |

* Type: bcc

e Size *12x12x12 A
8 methane molecules (100% cage occupancy)
* Elementary unit cell formula

(512), -(51262), 46 H,0




Interaction potentials for water

TIP4P - models SPC/E
T @ TN
/ // C , . \\‘ S !,/ /a "rga\\\
-'<———-—c . j ) !‘e——-—-cr J ’ \‘!
\\ SOy (. l\ /
. 9y \ a5,/
N Y “ D




H,0 benchmark test with CP2K:
comparison of different architectures

Time for1 MD step

~
erone H,0 molecule, sec ™~ __

~ Different system sizes: ~_
~ 64 H20 ~
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~
256 H20 512 H20 ~

1024 H20~_
2048 H20
~

64 H20

0.1 R DFT with CP2K
0.01 oo b
0.001 ~

0.0001 ~ I

1E-005
8000 H20
1952 H20
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Time-to-solution ~




Time-to-solution t, sec

|deal world

Real life
o

log-scale

|deal scaling
t~ 1/Rpeax
R pears FlOpS
>
log-scale

Vladimir V. Stegailov, Nikita D. Orekhov, and Grigory S. Smirnov,
HPC Hardware Efficiency for Quantum and Classical Molecular Dynamics
// V. Malyshkin (Ed.): PaCT 2015, LNCS 9251, pp. 469-473, 2015.
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Time for 1 MD step, sec
10° — IBM BG/P
SMP with no threads)
10° — o
@
10" —
10° — \
See LNCS 9251 pp.469-473 (2015) ® \
| | I I |
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Total peak performance, TFlops




Knaccmnyeckas
MOJIeKYNApHAA AUHAMUKA

. C. CmupHoB, B. B. Cteraiinos, “3¢pdeKTUBHOCTb aNTOPUTMOB KNACCUYECKOM MONEKYNAPHOM AMHAMMUKM HA
CynepKoMnbloTEPHOM annapaTtHom obecnevyeHnn”, MatemaTuyeckoe moaenmposaHue, 28:5 (2016), 95-108



Time per 1 atom for 1 MD step, sec
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llons rmbpunaHbIX CUCTEM:
NPAKTUYHbIN B3rnan



CORAL Joint NNSA & SC Leadership
Computing Acquisition Project

Titan (ORNL) Sequoia (LLNL) Mira (ANL)
2012 - 2017 2012 - 2017 2012 - 2017

Objective - Procure 3 leadership computers to
be sited at ANL, ORNL, and LLNL in CY17-18

Leadership Computers run the most demanding DOE mission applications and
advance HPC technologies to assure continued US/DOE leadership

Approach:

Competitive process - one RFP (issued by LLNL) leading to 2 Non-Recurring
Engineering (NRE) contracts and 3 computer procurement contracts

For risk reduction and to meet a broad set of requirements,
architectural paths will be selected — one at each of the LCF centers.

Once selected, multi-year, lab-awardee relationship to deliver

performance

Both NRE contracts jointly managed by the 3 Labs

Each lab manages and negotiates its own computer procurement contract, and
may exercise options to meet their specific needs

Understanding that long procurement lead time may impact architectural
characteristics and designs of procured computers

Susan Coghlan, ALCF & Arthur Bland, OLCF, presented to ASCAC of DOEcmAL




RANK SITE

9

20

21

23

47

56

66

69

82

83

102

Forschungszentrum Juelich (FZJ)
Germany

Leibniz Rechenzentrum
Germany

Leibniz Rechenzentrum
Germany

HLRS -
Hochstleistungsrechenzentrum
Stuttgart

Germany

Max-Planck-Gesellschaft MPI/IPP
Germany

DKRZ - Deutsches
Klimarechenzentrum
Germany

TU Dresden, ZIH
Germany

HLRN at ZIB/Konrad Zuse-
Zentrum Berlin
Germany

HWW/Universitaet Stuttgart
Germany

HLRN at Universitaet Hannover /
RRZN
Germany

Max-Planck-Gesellschaft MPI/IPP
Germany

SYSTEM

JUQUEEN - BlueGene/Q, Power BQC 16C 1.600GHz,
Custom Interconnect
IBM

SuperMUC - iDataPlex DX360M4, Xeon E5-2680 8C
2.70GHz, Infiniband FDR
IBM/Lenovo

SuperMUC Phase 2 - IBM NeXtScale nx360M5, Xeon E5-

2697v3 14C 2.6GHz, Infiniband FDR14
Lenovo/IBM

Hornet - Cray XC40, Xeon E5-2680v3 12C 2.5GHz, Aries

interconnect
Cray Inc.

iDataPlex DX360M4, Intel Xeon E5-2680v2 10C
2.800GHz, Infiniband FDR
IBM

Mistral - bullx DLC 720, Xeon E5-2680v3 12C 2.5GHz,
Infiniband FDR
Bull, Atos Group

Taurus - bullx DLC 720, Xeon E5-2680v3 12C 2.5GHz,
Infiniband FDR
Bull, Atos Group

Konrad - Cray XC40, Intel Xeon E5-2695v2/E5-2680v3
12C 2.4/2.5GHz, Aries interconnect
Cray Inc.

HERMIT - Cray XEé, Opteron 6276 16C 2.30 GHz, Cray
Gemini interconnect
Cray Inc.

Gottfried - Cray XC40, Intel Xeon E5-2695v2 12C
2.4GHz/E5-2680v3 12C 2.5GHz, Aries interconnect
Cray Inc.

iDataPlex DX360M4, Intel Xeon E5-2680v2 10C
2.800GHz, Infiniband, NVIDIA K20x
IBM

CORES

458,752

147,456

86,016

94,608

65,320

37,344

34,656

44,928

113,472

40,320

15,840

RMAX
(TFLOP/S)

5,008.9

2,897.0

2,813.6

2,763.0

1,283.3

1,139.2

1,029.9

991.5

831.4

829.8

709.7

RPEAK
(TFLOP/S)

5,872.0

3,185.1

3,578.3

3,784.3

1,463.2

1,493.8

1,386.2

1,425.7

1,043.9

1,241.4

1,013.1

POWER
(KW)

2,301

3,422.7

1,480.8

1,512

1,260

620

269.9



TeKkywana aona rmbpuaHbIX cuctem

PeanbHaa apPeKTUBHOCTb TMOPUAHBIX CUCTEM MO CPAaBHEHMUIO C OObIYHbIMMU
CynepKoMMnblOTEPAMU, OCHOBAHHbIMKU HA 06bIYHbIX LMY moxKeT bbITb
NPOUNNIOCTPUPOBAHA CMTUCKOM CaMbIX KPYMHbIX cynepkomnbioTepoB PpaHumm m
[epmaHumM B TeKywem cnucke Ton500.

PpaHuuAa:

14 cuctem (Homepa B Ton500 29, 36, 44, 60, 64, 98, 127, 130, 140, 142, 153,
184, 189, 278) ocHoBaHbl Ha 06bI4HbIX LIMY, rnaBHbim ob6pasom Intel Xeon. Ux
No/NHaA NMKosaa mowHocTb Rpeak = 13.5 Ndnonc.

N Tonbko 15-a cuctema Homep 279 umeet GPU yckoputenun. (Rpeak = 0.38
Ndnonc)

[epmaHua:

10 cuctem (Homepa B Ton500 9, 20, 21, 23, 47, 56, 66, 69, 82, 83) ocHOBaHbI Ha
06bI14HbIX UMY, rnasHbim obpa3om Intel Xeon. Ux nonaHaa nMKoBaa MOLHOCTb
Rpeak = 24 Ndnonc.

N Tonbko 11-a cuctema Homep 102 umeet GPU yckoputenun Nvidia. (Rpeak =1
Ndnonc)



RANK SITE

O,
®

National Super Computer Center in
Guangzhou
China

DOE/SC/Oak Ridge National Laboratory
United States

DOE/NNSA/LLNL
United States

RIKEN Advanced Institute for Computational
Science (AICS)
Japan

DOE/SC/Argonne National Laboratory
United States

Swiss National Supercomputing Centre
(CSCS)
Switzerland

Texas Advanced Computing Center/Univ. of
Texas
United States

Forschungszentrum Juelich (FZJ)
Germany

DOE/NNSA/LLNL
United States

Government
United States

SYSTEM

Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster,
Intel Xeon E5-2692 12C 2.200GHz, TH Express-
2, Intel Xeon Phi 31S1P

NUDT

Titan - Cray XK7, Opteron 6274 16C 2.200GHz,
Cray Gemini interconnect, NVIDIA K20x
Cray Inc.

Sequoia - BlueGene/Q, Power BQC 16C 1.60
GHz, Custom
IBM

K computer, SPARC64 VllIfx 2.0GHz, Tofu
interconnect
Fujitsu

Mira - BlueGene/Q, Power BQC 16C 1.60GHz,
Custom
IBM

Piz Daint - Cray XC30, Xeon E5-2670 8C
2.600GHz, Aries interconnect , NVIDIA K20x
Cray Inc.

Stampede - PowerEdge C8220, Xeon E5-2680
8C 2.700GHz, Infiniband FDR, Intel Xeon Phi
SE10P

Dell

JUQUEEN - BlueGene/Q, Power BQC 14C
1.600GHz, Custom Interconnect
IBM

Vulcan - BlueGene/Q, Power BQC 14C
1.600GHz, Custom Interconnect
IBM

Cray CS-Storm, Intel Xeon E5-2660v2 10C
2.2GHz, Infiniband FDR, Nvidia K40
Cray Inc.

RMAX RPEAK POWER
CORES  (TFLOP/S) (TFLOP/S) (KW)
3,120,000 33,862.7 54,902.4 17,808
560,640 17,590.0 27,1125 8,209
1,572,864 17,173.2  20,132.7 7,890
705,024 10,510.0 11,280.4  12,659.9
786,432  8,586.6 10,066.3 3,945
115,984  6,271.0 7,788.9 2,325
462,462  5,168.1 8,520.1 4,510
458,752  5,008.9 5,872.0 2,301
393,216 4,293.3 5,033.2 1,972

Tonl10 3 Ton500
72,800 3.577.i_|o£h16,8pb !6‘14



RANK SITE
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10

National Super Computer Center in
Guangzhou
China

DOE/SC/0ak Ridge National Laboratory
United States

DOE/NNSA/LLNL
United States

RIKEN Advanced Institute for
Computational Science (AICS)
Japan

DOE/SC/Argonne National Laboratory
United States

Swiss National Supercomputing Centre
(CsCs)
Switzerland

King Abdullah University of Science and
Technology
Saudi Arabia

Texas Advanced Computing Center/Univ. of
Texas
United States

Forschungszentrum Juelich (FZJ)
Germany

DOE/NNSA/LLNL
United States

SYSTEM

Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster,
Intel Xeon E5-2692 12C 2.200GHz, TH Express-

2, Intel Xeon Phi 31S1P
NUDT

Titan - Cray XK7 , Opteron 6274 16C 2.200GHz,

Cray Gemini interconnect, NVIDIA K20x
Cray Inc.

Sequoia - BlueGene/Q, Power BQC 16C 1.60
GHz, Custom
IBM

K computer, SPARCé4 VllIfx 2.0GHz, Tofu
interconnect
Fujitsu

Mira - BlueGene/Q, Power BQC 16C 1.60GHz,
Custom
IBM

Piz Daint - Cray XC30, Xeon E5-2670 8C
2.600GHz, Aries interconnect , NVIDIA K20x
Cray Inc.

Shaheen Il - Cray XC40, Xeon E5-2698v3 16C
2.3GHz, Aries interconnect
Cray Inc.

Stampede - PowerEdge C8220, Xeon E5-2680
8C 2.700GHz, Infiniband FDR, Intel Xeon Phi
SE10P

Dell

JUQUEEN - BlueGene/Q, Power BQC 16C
1.600GHz, Custom Interconnect
IBM

Vulcan - BlueGene/Q, Power BQC 16C
1.600GHz, Custom Interconnect
IBM

CORES
3,120,000

560,640

1,572,864

705,024

786,432

115,984

196,608

462,462

458,752

RMAX
(TFLOP/S)

33,862.7

17,590.0

17,173.2

10,510.0

8,586.6

6,271.0

5,537.0

5,168.1

5,008.9

RPEAK
(TFLOP/S)

54,902.4

27,1125

20,132.7

11,280.4

10,066.3

7,788.9

7,235.2

8,520.1

5,872.0

POWER
(KW)

17,808

8,209

7,890

12,659.9

3,945

2,325

2,834

4,510

2,301

Ton10 u3 Ton500
393,216  4,293.3 Wltl]glglb 2615



RANK SITE

O,
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3 DOE/NNSA/LLNL
United States

National Super Computer Center in
Guangzhou
China

DOE/SC/0ak Ridge National Laboratory
United States

4 RIKEN Advanced Institute for
Computational Science (AICS)
Japan

5 DOE/SC/Argonne National Laboratory

United States

6 DOE/NNSA/LANL/SNL
United States

Swiss National Supercomputing Centre
(CSCS)
Switzerland

8 HLRS - Hochstleistungsrechenzentrum
Stuttgart
Germany

9 King Abdullah University of Science and
Technology
Saudi Arabia

of Texas
United States

Texas Advanced Computing Center/Univ.

SYSTEM

Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster,
Intel Xeon E5-2692 12C 2.200GHz, TH Express-2,
Intel Xeon Phi 31S1P

NUDT

Titan - Cray XK7 , Opteron 6274 16C 2.200GHz,
Cray Gemini interconnect, NVIDIA K20x
Cray Inc.

Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz,
Custom
IBM

K computer, SPARCé4 VlIfx 2.0GHz, Tofu
interconnect

Fujitsu

Mira - BlueGene/Q, Power BQC 16C 1.60GHz,

Custom
IBM

Trinity - Cray XC40, Xeon E5-2698v3 16C 2.3GHz,
Aries interconnect
Cray Inc.

Piz Daint - Cray XC30, Xeon E5-2670 8C
2.600GHz, Aries interconnect , NVIDIA K20x
Cray Inc.

Hazel Hen - Cray XC40, Xeon E5-2680v3 12C
2.5GHz, Aries interconnect
Cray Inc.

Shaheen Il - Cray XC40, Xeon E5-2698v3 16C
2.3GHz, Aries interconnect
Cray Inc.

Stampede - PowerEdge C8220, Xeon E5-2680 8C
2.700GHz, Infiniband FDR, Intel Xeon Phi SE10P
Dell

RMAX RPEAK POWER
CORES (TFLOP/S) (TFLOP/S) (KW)
3,120,000 33,862.7 54,902.4 17,808
560,640 17,590.0 27,112.5 8,209
1,572,864 17,173.2 20,132.7 7,890
705,024 10,510.0 11,280.4 12,659.9
786,432 8,586.6 10,066.3 3,945
301,056 8,100.9 11,078.9
115,984  6,271.0 7,788.9 2,325
185,088 5,640.2 7,403.5
196,608 5,537.0 7,235.2 2,834
Tonl0 3 Ton500

= ""Hosbpb 2015



Conclusions

Atomistic and continuum models shares 1/3 and 1/3 in the
distribution of computational time from the US DOE
perspective.

Quantum and classical atomistic models represent a wide
spectrum of important problems that require petascale
performance. There are examples of effective deployment of
such systems.

Quantum MD takes about >60% of computational time at
some supercomputer centers.

However the corresponding algorithms are being adapted to
the hybrid architectures quite slowly.

The interconnect is the key technology.

The efficiency of the special methods of performance increase
(FMA, SIMD) needs careful consideration for the particular
problems/algorithms.

Statistics shows that in the countries that do not produce
hybrid hardware the current rationally estimated proportion
of hybrid systems is not higher than 5%.



